The diagnosis of Kawasaki syndrome (KS) is based on clinical criteria with no specific laboratory diagnostic test. 1 Early treatment with intravenous immunoglobulin (IVIg) is important for reducing the risk of cardiac sequelae. 2 With increasing awareness of KS cases with incomplete clinical signs, or IVIg resistance with persistent fever after treatment, 3, 4 the distinction between recurrent KS and other fevers of unknown origin, specifically the recurrent fever syndromes, becomes more difficult.
The term "recurrent fever syndrome" encompasses a number of genetically defined autoinflammatory disorders as well as clinically defined entities such as periodic fever, aphthous stomatitis, pharyngitis, and adenitis (PFAPA) syndrome. The hereditary fever disorders consist of recurrent episodes of fever associated with specific constellations of rash, lymphadenopathy, oral ulcerations, ocular findings, abdominal complaints, and arthralgias, 5 whereas patients with PFAPA syndrome have fever episodes at regular intervals with associated symptoms often limited to the head and neck. Many patients with hereditary fever disorders have evidence of chronic inflammation, whereas patients with PFAPA syndrome are completely healthy between episodes and demonstrate normal growth and development.
The presence of these 2 conditions within a single patient suggests a possible genetic predilection for inflammatory dysregulation. Indeed, recent reports have implicated mutations in immunoregulatory pathways in the pathogenesis of KS. 6 Such defects may also result in an increased likelihood of developing other inflammatory syndromes such as the recurrent fever disorders. In this report, we highlight 1 representative case among 4 patients who were initially diagnosed with KS and successfully treated with IVIg and who subsequently developed recurrent fever syndromes.
CASE REPORTS
A 3-year-old white boy presented with a 7-day history of fever to 105°F, rash, injected conjunctivae, swollen lips, strawberry tongue, and edema of the hands and feet. Laboratory investigation revealed marked inflammation with an erythrocyte sedimentation rate of 94 mm/hour. He was diagnosed with KS on the seventh day of fever, successfully treated with 1 dose of IVIg (2 g/kg), and initiated on aspirin therapy. An echocardiogram showed no cardiovascular abnormalities (Table  1) . Two years after his initial diagnosis of KS, he developed recurrent episodes of fever associated with oral ulcers, pharyngitis, lymphadenopathy, headache, nausea, and vomiting. These febrile episodes occurred every 3 weeks and lasted 4 to 5 days. The maximum temperatures reached during these episodes ranged from 102°F to 105°F. Results of multiple streptococcal throat cultures were negative. Febrile episodes were successfully terminated with prednisolone (1 mg/kg) administered at the onset of fever, but recurrent use of steroids shortened the periodicity of the fever cycle to 2-week intervals and thereafter were limited to only intermittent use. Between febrile episodes, he was well with normal growth and development and no recurrent infectious illnesses. By the age of 11, the patient's febrile episodes spontaneously resolved without apparent sequelae.
We have observed this pattern in 3 additional patients to date (summarized in Table 1 ). Each of these patients presented at younger than 5 years and met the classical criteria for KS. Each was treated successfully with 2 g/kg IVIg for the initial presentation of KS but developed recurrent fevers in the months after resolution of KS symptoms. Despite the variation in time to develop a recurrence of fevers, each of the patients developed a defined pattern of symptoms that fit a recurrent fever syndrome (Table 2 ). In 2 of the 3 cases, fevers were similarly responsive to prednisolone, and recurrent episodes resolved after tonsillectomy in the other case.
DISCUSSION
We report a series of 4 patients who each met clinical criteria for KS and had an appropriate response to standard IVIg therapy but subsequently developed recurrent febrile episodes within weeks to months after the initial KS diagnosis. We propose that this as- sociation may be attributable to shared genetic links influenced by environmental factors, and we encourage primary care pediatricians to consider recurrent fever syndromes in the differential diagnosis of patients with a history of KS.
Recurrence of prolonged fevers in a patient with a history of KS presented a clinical challenge of distinguishing between recurrent KS versus a recurrent fever syndrome. Recurrent KS occurs in up to 10% of Japanese children with a history of KS and an unknown, although much lower, percentage of children of other genetic backgrounds. [7] [8] [9] Further complicating the differential diagnosis is the frequent occurrence of incomplete KS in infants and younger children. 7, 10 Pattern recognition of symptoms subsequently led to the diagnosis of a recurrent fever syndrome. The differential diagnosis of recurrent fevers included the hereditary recurrent fever syndromes as well as PFAPA syndrome. In 3 of 4 cases, the febrile episodes were responsive to single, low-dose prednisone, which is consistent with a diagnosis of PFAPA syndrome. For patient 4, the symptomatology and prednisone responsiveness were consistent with PFAPA syndrome, although the length of the febrile episodes was atypical. In each case, the patients were well between episodes and had normalized C-reactive protein levels. The clinical presentations, lack of chronic inflammation, ethnicity, and the ultimate disappearance of recurrent fever episodes made a hereditary fever syndrome unlikely. Although genetic testing is available for the known hereditary fever syndromes, it was not performed for these patients. As the pathogenesis of PFAPA syndrome is currently unknown, no specific gene test is available, and the mechanism behind the development of recurrent fevers in these patients remains an enigma.
We have identified a population of pediatric patients in San Diego, California, with recurrent fever syndromes (unpublished data), and systematic review of our patients' histories revealed the cases discussed above and also 4 additional patients with recurrent fever syndrome with first-degree relatives with a history of KS. At this time, it is unclear whether the association between KS and PFAPA syndrome in these patients represents a genetic predisposition to autoinflammatory responses, susceptibility to environmental exposures, or a combination of the two. The low prevalence of these 2 syndromes poses a challenge to answering this question.
The general prevalence of recurrent fever disorders, other than the hereditary syndromes reported in specific geographic regions, is not well established. 11 Over the last 3 years, we have identified 84 cases of recurrent fever syndromes of various etiologies in children in San Diego County (unpublished data), which yields an annual incidence of 9 to 34 in 100 000 children younger than 18 years, whereas the annual incidence of KS in San Diego County is 21.7 in 100 000 children younger than 5 years. 12 We estimate that the probability of a child having both of these rare conditions to be Ͻ5 ϫ 10 Ϫ6 or 1 in 19 million, on the basis of available data from San Diego County. Thus, 4 cases of KS among 84 patients with known recurrent fever syndrome (4.7%) is higher than would be expected by chance alone.
The association of KS and other immune-mediated conditions has been recognized, as has been recognized between KS and atopy 13, 14 and KS and psoriasis in children, 15 which suggests that patients with KS may have a general propensity toward immunodysregulation. The similarities between the presentation of KS and recurrent fever syndromes may suggest activation of similar pathways that trigger innate immune responses. In addition, similarities in cytokine profiles are apparent in acute KS and in recurrent fever syndromes, including elevations in the levels of tumor necrosis factor ␣ (TNF-␣), interleukin 1␤ (IL-1␤), and IL-6, and several recent studies found that IVIg increases the level of IL-1Ra, 16, 17 an inhibitor of the cytokine IL-1␤ that has been shown to be important in the pathogenesis of several autoinflammatory syndromes. 18, 19 As such, we hypothesize that KS and recurrent fever disorders exist together within a family of autoinflammatory diseases.
Interpretation of the data presented here must be viewed in light of several limitations. It is clearly impossible to diagnose a syndrome exemplified by recurrence after only a single episode. The patients described here initially presented with a classic constellation of symptoms consistent with a diagnosis of KS, were appropriately treated, and subsequently presented with a recurrent fever syndrome. However, the rarity of both KS and recurrent fever syndromes as individual disorders and the need for pattern recognition of symptoms to formulate the diagnosis are the limiting factors for larger studies. Given the delay in diagnosis frequently seen with recurrent fever syndromes because of the time required to establish recurrence, it is possible that additional patients with a history of both KS and recurrent fever syndromes will be identified. However, to our knowledge, this association has not been previously described in the literature.
For the primary care physician, identification of these 2 relatively rare conditions creates a clinical challenge. However, historical features and subtle clinical findings may aid the clinician in reaching a diagnosis. Table 3 summarizes the clinical features of KS and hereditary and nonhereditary recurrent fever syndromes. Although mucosal involvement may be observed in both diseases, specific clinical manifestations for each disorder differ. KS is characterized by an injected oropharynx and conjunctiva, and patients with KS do not exhibit the aphthous stomatitis seen in some recurrent fever syndromes. Similarly, the strawberry tongue observed in patients with KS is absent in patients with recurrent fever. These mutually exclusive findings should be noted during a febrile episode and may lead the clinician toward a specific diagnosis. From a laboratory perspective, both KS and recurrent fever syndromes demonstrate elevated C-reactive protein level and erythrocyte sedimentation rate during the acute period, and they normalize between febrile episodes. The identification of a pattern of recurrent fevers with additional clinical signs (Table 3) becomes the most important diagnostic feature.
CONCLUSIONS
In this report we have described a subset of patients with KS who went on to develop recurrent fever syndromes, which indicates that these disorders may have a common immunologic thread, specifically related to immunodysregulation of innate immune effector mechanisms. For community pedi- 
